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AN ANOMALOUS SINGLE AZYGOS-HEMIAZYGOS VEIN
ASSOCIATED WITH RETRO-AORTIC LEFT RENAL
AND ACCESSORY RENAL VEINS*
H. B. HAMILTON AND R. G. MEADER
Anomalies of the venous system are known to be varied and
frequent and, therefore, are often taken for granted. Perhaps for
that reason we have been unable to discover in the literature an
adequate description of a single midline vein receiving the drainage
usually cared for by the azygos and hemiazygos systems. The con-
dition has been observed previously, for in Piersol's Human Anat-
omy (1936, p. 896) is the statement: "More rarely the two veins
(azygos and hemiazygos)t have been observed fused to form a
single trunk lying upon the anterior surface of the thoracic vertebrae
and receiving all the intercostal veins." A similar record, likewise
with no reference to the source of the information, is found in
Morris' Human Anatomy (1933, p. 736): "The method of termi-
nation of the intercostal veins on the left side is subject to such
variation that a normal arrangement can scarcely be said to exist
at all. The eighth may open directly into the azygos, as may the
seventh and ninth or even more or all of the veins; the hemiazygos
and accessory hemiazygos veins may thus be very limited in extent
or even be altogether absent." Again, in Cunningham's Textbook
of Antomy (1937, p. 1242): "The superior and inferior hemi-
azygos veins may be absent. In such cases each left intercostal vein
opens separately into the vena azygos." And in the same text
(p. 1292): "The transverse parts of the hemiazygos veins are rem-
nants of the intermediate part of the subvertebral plexus; they are
occasionally connected together by a median anastomosis which
represents part of a precentral vein." With these exceptions, no
description of the anomaly to be described below has come to our
attention in a survey of the Concilium Bibliographicum and of the
Cumulative Index Medicus for the years subsequent to the cessation
of publication of the Concilium.
* From the Department of Anatomy, Yale University School of Medicine.
t Actually there is some confusion of the terminology in this account but the
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Anomalous azygos-hemiazygos vein
In the course ofdissection of a Negro male, aged 60 years (cause
of death, arteriosclerosis), it was discovered that a single large vein
replaced the normal azygos-hemiazygos system, receiving all of the
intercostal veins from the third to the eleventh interspaces on the
left and the fourth to the eleventh interspaces on the right (Fig. 1).
The veins of the two upper interspaces on the left and the three on
the right were tributaries
of small trunks which led
into the respective subcla-
vian veins. The large vein
in question was formed on
the anterior surface of the
intervertebral disc between
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FIG. 1. Semi-diagrammatic sketch of the dissected
anomalous veins with some of their tributaries as seen had a width of 12 mm. a
from a ventral view. The connections of the subcostal. few millimeters above the
ascending lumbar, and lumbar veins of the right side are . like those of the left. Junction. At its upper ex-
tremity it measured 16 mm.
In its cephalad course, the large vein occupied the midline on the
anterior surface of the ligaments covering the thoracic vertebral
bodies and the intervertebral discs, lying to the right of the aorta
and the thoracic duct. At the level of the seventh thoracic vertebra
it inclined toward the right and between the fourth and fifth thoracic
vertebrae it arched to the right and forward to pass around the root
of the right lung to enter the superior vena cava, receiving in the
arch the common trunk for the left third and fourth intercostal veins
and the trunks for the fourth and fifth intercostal veins on the right.
No valves were demonstrable in this vessel or in the subcostal veins.
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Subcostal veins
The caudal connections of the enlarged subcostal veins revealed
an interesting venous pattern. A small branch (2 mm. in diameter)
of the subcostal vein on each side arose 40 mm. from the midline
junction point and passed in a caudomediad direction to unite in a
small midline longitudinal vein (4 mm. in diameter) lying behind
the aorta. This vein appeared to be an interrupted continuation of
the anomalous midline vessel described above. This, in turn, con-
tinued caudad into an accessory left renal vein that crossed behind
the aorta to reach the inferior vena cava. Another rather large
branch on each side could be traced from the subcostal vein in a
caudal direction to its connection with the lumbar vein next below,
forming the upper part of the ascending lumbar vein. Its caudal
anastomoses with the other lumbar veins were present also. The
portion of the upper lumbar vein medial to the point of union was
about the same size as the anastomotic branch (ascending lumbar)
just mentioned and much larger than its own lateral extension to
the body wall. It passed medialward and forward beneath the psoas
major muscle and along the lateral surface of the second lumbar
vertebra to communicate with the accessory renal vein mentioned
above. The caliber of these vessels indicates that this was an impor-
tant venous pathway and, except for the communication with an
accessory renal vein instead of the inferior vena cava, was a normal
route.
Renal veins
The left renal veins were somewhat anomalous. The chief vein
(12 mm. in diameter) originated normally, apparently, but it crossed
the midline behind rather than in front of the aorta to enter the
inferior vena cava. There were two accessory renal veins on the
left. A small one (2 mm. in diameter) arose from the superior
pole of the left kidney, and was accompanied by an accessory renal
artery at its origin. A larger one (7 mm. in diameter) arose about
half way between the main vein and the previously mentioned
accessory vein, receiving the latter and anastomosing with the former
just before the two veins reached the left lateral border of the
vertebral column at the level of the second lumbar vertebra.
Almost opposite to this anastomotic connection between the middle
accessory and main renal vein the former also received the upper-
most lumbar vein on the left side. It then passed behind the aorta
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to open into the inferior vena cava directly above the chief vein.
Between the left lumbar vein and the point of entry of the accessory
vein into the vena cava, the small midline vessel, which appeared to
be the continuation of the anomalous midline vein of the thoracic
region, emptied into the accessory renal vein. Furthermore, just
before the accessory vein reached the vena cava, it received the right
highest lumbar vein. And, finally, just medial to the previously
mentioned anastomoses between the main and accessory renal veins,
the chief vein received the common trunk of the left inferior phrenic
and suprarenal veins. On the right side the situation was normal,
except that an accessory renal vein passed from the lower pole of
the kidney to the vena cava.
From the caliber of the vessels involved, it is obvious that these
larger anastomotic channels between the inferior vena cava and the
azygos-hemiazygos system might play an important rOle in collateral
circulation in case of obstruction either of the inferior vena cava or
of the azygos and superior vena cava.
The usual direction of flow in the connectives of the two systems
was indicated by the orientation of the valves. Two sets of well-
developed cusps guarded the medial segment of the highest lumbar
vein. One valve was situated just medial to the point of junction
with the ascending lumbar vein and the other was at the opening
into the accessory renal vein, both with the valvular sinuses directed
toward the latter vein. A third set of rather rudimentary cusps,
with the sinuses facing cephalad, incompetently guarded the lumen
of the ascending lumbar vein between the highest lumbar and the
subcostal veins. Blood in the ascending and lateral lumbar veins
could thus pass into either the inferior caval system or the azygos-
hemiazygos system. Because of the incompetent valve in the
ascending lumbar vein, blood in the azygos-hemiazygos system
could reach the inferior vena cava under certain pressure relation-
ships but no blood could flow in the reverse direction unless the two
valves in the medial segment of the lumbar vein were rendered
incompetent.
Discussion
The explanation of the anomalous azygos-hemiazygos vein is to
be sought, of course, in the development of the venous system.
Despite the work of Huntington and McClure4 on the cat, of
McClure and Butler5 on the human inferior caval system, and of
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Grau3 on the cow, we are without a clear picture of the development
of the azygos and hemiazygos veins (Cunningham,2 Reagan9). It
has been asserted that for the most part they represent the remains
of the superior part of the old supracardinal veins, the terminal
portion of the azygos alone being the last trace of the right post-
cardinal vein.
The problem of a single vessel replacing two vessels normally
present suggests three possible solutions: (1) complete disappearance
of one vessel; (2) fusion of the two vessels; (3) replacement of the
two vessels by a single one that takes over the functions of the other
two. Our information from the dissection does not enable us to
select the correct solution but consideration of the possibilities may
be suggestive.
1. If one vessel completely disappears and its drainage is
assumed by another, it might be expected that the remaining vessel
would retain its usual position and drainage as well. This is not
necessarily so, but a vessel so situated would certainly suggest such
an interpretation. In the case described, the vein has the termina-
tion only of a normal azygos. In other respects it differs for it is
situated in the midline and is formed caudally by the union of the
two subcostal veins. Thus, except for its termination in the superior
vena cava, one could not say whether the azygos or the hemiazygos
was absent, if this solution were to be accepted.
2. Fusion of two veins is often indicated by incompleteness of
the process, especially in a long course, with the double origin thus
revealed. The single vessel usually occupies the region between
the normal sites of the fusing vessels with the normal drainage of
each entering it. Except for lack of any clear indication of its
double origin, the anomalous vein described might be an example
of this type. It might be argued that the subcostal veins, as they
approach the midline, and their first branches, as they return to
unite in the midline below, really demonstrate the dual character
of the midline veins.
3. A single vessel replacing the two normal vessels is likewise
a possibility in this case. In normal development, according to
Robinson (Cunningham,2 p. 1292) there is a precentral vein present
on the anterior face of the vertebrae as a longitudinal anastomosis
of the horizontal retro-aortic connections between the two supra-
cardinals. If this vein should persist with its connections to the
supracardinal veins, and if all the longitudinal elements of the
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supracardinal veins should degenerate throwing their horizontal
elements upon the precentral vein, we might have a condition like
that described.
Because of the symmetrical arrangement of the vein and its
tributaries it seems more probable that solution (2) or (3) is the
explanation of preference for this anomaly.
The associated anomalous retro-aortic left renal vein and the
accessory left renal vein, also retro-aortic, are to be explained as
persistence of the dorsal (posterior) parts and disappearance of the
ventral (anterior) parts of the renal venous collar that exists in the
fetus.
Summary
An anomalous vein is described situated in the midline on the
anterior surface of Ti2 to T4 vertebrae, formed by the union of
the subcostal veins and receiving intercostal veins from interspaces
3 to 11 on the left and 4 to 11 on the right. It terminates like the
normal azygos vein and replaces the normal azygos and hemiazygos
veins.
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